FARM DESIGN FOR
WHITE BUTTON MUSHROOM CULTIVATION

B.L. Dhar and T. Aromueganathan

NATEOMAL RESEARGH CENTRE FOR MUSHADOM
HLEN COUMOIL L AL TIEULTUNAL SRS D

CHAMBAGHAT. SOLARN - 1232132 (H.P.)




Tictmiel Fu'letie

Farm Desipn For White Button
Mushroom Cultivation

M1, THhar aied T, A e tboan

g
[DAR

abine:] Ressarnch Centre for Mushroon:
(Al Conred! gf pesnndfasal Risearnh,
L hambaszlat, Seldan- 177 213 {HI%



Prinsed : April, 2005, 5000 Copies

Fubilished v

rector
Malivoal Rescarch Centre for Mushroom
Chambaghat, Solan-173 213 (H.P.) INDIA

Phone ; 0792230251, 230767

O NROCM. 2064

All mgkty reseved. Mo part of this wechucal bolletin may he reproshiced in any farm
on by oy ineans bclwdinge phoe copying, recording orany information storage and
regrival systam withowt prior penmission in woling [rem thi compeient authorily.

Diesivned & Published ar:

Nirmal Vijay Printers, B:62/8, Naraina Industrial Arca, Phase-11, New Delb-110 028,
Tol. 0 51418526, 25851449, 25425360, Mobile : 9811053617



( Contents )

Introduction

Selectior of site and pre-requisites

Components of a Mushroom Farm

General Tavout/T.ocation of various Lnits

Composting Unit

Spawn Uit

Cropping Unit

Structural details special o cropping rooms

Lowy cost stenctures for seasonal mushroom growing in India

Canning Unit

Tl

14

16

19

24



Introduction

Today mushroom cultivation is one of the biggest money spinning agri
business enterprises in the world besides being an important horticaliural
cash crop. Mushroom is valued as a delicacy having tremendous attriburces
on the basis of food value, is now recommended as a health food rich in
proteins by Food and Agricultural Organization of United Mations for
bridging the protein malnutrition gap in combination with soybean in the
developing countnes of the world, Mushroom as food 15 important as it 15
produced from recyclable agro-wasres/agro-byproducts and the requirement
of land 18 not pre-reguisite n ks cultivation, as it is grown indoors in protecied
houses scasonally or with environment control, with intensive space
utilization in vertical ‘hovizontal axisin the cropping room. Mushroom being
an imdoor crop does not require arable land. except for some non-agricullurg]
land to build the infrastructure for preparation of substrate, rawsing of crop,
preparation of spawn and postharvest handling. White button mushrooms
in India 15 grown scasonally and 1n environment conttolled cropping houses
and both require butlding of basic in‘rastructure, Scasonal growing of
temperate mushenom 15 done for 5-6 months wher cutside temperatures are
favourable for the crop rarsing, 1.e., durlng winter months in NW. plains of
India and [rom September to April in the hills, The seasonal growing will be
termed as low input-low production syster and the environment controlled
roznd the year growing svslem 1s high inpat-high production system and
haoth are relevant as far as economics of mushroom cultivation s concerned,

Inthe 18" century mushrooms were cultivated inopen fieldsand Tourneforte
{1707) gave a comprehensive deseraton of commercial production of burton
rmushroors. [t was Chambry (1810), a French sardeacr, who began (o cultivate
rmushrooms in underground quarries in Paris, thus making it possible for year-
roundproduction. Caliow (1 831 )showedrhatrushroom productionwaspossible
all the year round in England in rooms specially heated for the purpose, Callow
gave details of the design of cropping houses {crediting it 1o Oldacre, a garden
superintendent in UK yand lalersuccessfully prow mushrooms all the vearround
m &nch a strocture and obtained a vield of 7.3 ke/m’ in 24 weeks of cropping,
ascompared to mushrooms yvields of 10 kg/eroblamed in 195000 UK., L 1s now
accepted fact that protected croppimg of mushrooms was pioneered 'ncaves in
'rance, though the cardiest mushroom houses were developed in England.
Mushroom production then quickly became cstablished m various counmies of
Europeand soonspriadto USA. Large seale white button mushiroom production
(Flepg er.af. 1983) 18 novw centerec in Europe {mainly W.Europe, with Foland
being excepuon), Morth Amencan (USA, Canada), Austraha, South East Asa
(China, Korea, Indonesia, Taiwan) and South Asia (India).
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In India, protected cropping of mushroom was started on a modest scale m
carly sixties at Solan and later it was taken up in cooler regions in other
neighbouring states like Jammuy and Kashmir, Tamil Nadu and Uttar Pradesh.
Farlier burton mushroums were grown in rnake shift rooms or already bunlt
siructures with minor modifications made for ventilation, etc. The growing was
done either in wooden ways or shelves and compost prepared by long method in
5 winple extended ontdoor phase (without steam pasteuriztion). Soon with
availability of know-how and increased intercst by research and development
warkers, mushroom farming took the shape of cottage mdusty in Jammu &
Kashinir, Haryana, Himachal Pradesh and other states. Some large mushroom
Farms were also built in areas around Sclan, more 8o because of proximity to
Mushroom Research Taboratory at Solan for know-how and cooler ¢himate
prevalent in the arca for growth of white hutton mushroom {Agerines dispores).
But today mushroom farms zre being built at all clevations// places in India with
availabil'ty of know-how for cultivation in environment contrelled cropping
houscs, specially built for the purpose. More and more modifications and
innovarions were perlected to st prowing conditions in India and mushroom
farm design developed using locally available maler:als/machinery for higher
productivity at lower cosis (Dhar, 1995). Following the Dutch patern of bulk
pasteurization in tunnels and growing in beds laid on shelves mside the
enviranment controlled cropping rooms, the mushroom industry received great
irnpetus inthe last 15 years in ledia. More and more modern mushroom grosing
umts/ Export Oriented Units have been built by big industrial howses chuelly for
exnort. Most of these BOU’s are located in tropical plams of India where saw
materals requuired for ity cultivation are easily available.

The impurtance of a proper and suitable design [or a commercial
mshroom farm suited to conditions in India has become a necessity and
details of the farm desiph perfected over a perind of time with special
requirements of growing in tropical areas in India are described 1n this
chapter.

Selection of site and pre-requisites

Before selection of site {or building of mfrastructure for a mushroom
Farm is made, 1 is recessary to look into the following pre-requisites:

) Training on mushroom praduction technology,
1) l'reparation of a project report.
i) Arranging the finance,

Mushroom being an indoor crop, involyes heavy expenditure on building
of infrastructure, purchase of machinery and equipments, raw matcnals,
lahonrr and enerpy. Tt s very important far an entrearenenr to underpo practical

<>




oricnted traiaing for lcarming and understanding vamous stages of mushroom
cultivation. There are scores of institutions 1n India besides NRCM, where
basic training on cultivation of mushroom is imparted. These are the
Agricultural Universities located in leagth and breadth of the country,
mstnetions like NGOYs, KVE s and C51R labs and others. Affer comnpletion
nf the traiming, a deialed project report has o be prepared baved on the size
af’ the mushroom farm and tvpe of mushroom (o be cultivated. The project
report can he prepared by speciabists/experts or by Govl. Tnstitutions like
NECM, Solan, Tinally the third difticalt task will be for arranging the finance
for the project. There are scores ol firancial institutions which finance
mushroom projects in th country, Notable amongst these are the nationalized
banks, State Governmen: financial instirations, NABARD, toreign hanks
{(with permission frem Exim Bank, GOI) and other such organisations,

Subsidy/ grants are available from Nartional TTorneulture Board, GOT:
AFPEDA, GOIL Ministry of Food Processing, GO and others,

For selection of site, the following pones have to be taken into comsideration
lor greater nperalional eMivicney ancd eost effective production of mushrooms
a: the farm:

i} Thesiteshould be nearer 1o the residence of the entrepreneur, lor effective
invulvement in supervision 2nd decision making at the farms.

1) The site saoud be serviced by a mororable -oad, or be nearer to a road
head 1o redoee costs on transportalion oF raw materials to the larm/
firished product to the marked

11)  Availability of plenty of water at the site,
v}  Easv availability of raw materials at compeliiive rates in the area.
v)  Easzv availability of labour at cheaper rates.

vi)  Avalability of eleciricily al competilive rates, as power is a major input
in mushroom cultivaiion

vii) Green cover at the site 10 ensure clean environment in the surrounding,

vill) The site should ke away from indistrial pollutants like chemical fumes,
coal exhavst and other such pesticide/chemical pollulanis that cause
harm 1o mushroom production.

1¥})  There should be provisiom for sewape disposal at the site.

x)  There should he provision for future expansion at the site,

Componcents of a Mushroom Farm

Farm design deals principally with the location/building of various
infrastructural lavilities requived for different operations like composiing,
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spwn miking, cropping and post harvest handling on a piece of land in
suck a way that various operations are performed with greater efficiency at
the minimum cost, Since mushroom grewing is principally an indoor activity,
hence corstruction of infrastructure needs t be done with skill and wnder
experl guldance.

Button Mushroom Adgaricus bisporss and A bitorguiy growe on composts
prepared by acrobic fermentation of cereal straws and animal manures, unlike
Pleyrorus and Polrarelle which grow directly on unfermented cellulosic
materials, For commercial production of butlon mushrooms, the entire
process can be divided into four parts vz, (1} Composting (subsirate
preparation) (ii) Spawn preparation (seed) (i) Cropping and crop
management (crop growth) and (iv) Post harvest handhing (packamng/
processing), For these operations, the following infrastruciure is required 1o
he built ¢

(A) Composting Unit:

(a) Ouidoor plaform on pre-wetting/mixing and Phasc-I composting in
stacks ourdoors/ indoor bunkers oraerated chambers for Phase-Lindoors,

(b} Indoor Phase-1l in peak heating/bulk pasteurizanon-chambers.
(i) Ieak heating chamber

(1) Bulk paskurization chamlbern

(c] Casing pastearization chamber.

(dy  Adr Handling Units o coolng of compost in summer months {(special
requirement in tropical rogions).

{(B) Spawn unit:

(a) Spawn producnon laboratory.

(C) Cropping vmnil:

(1) Seasomal cropping rooms with no environmental control svstem

(b)  Environmen! controlled cropping rooms tor round the vear culiivation.

(¢) Provisiom for environment control, air conditioning and fovced air
circulation nstallations,

(I7) Post harvest handling unit:
{a] Pre-cooling chamber
(b} Canning hall with canning line.

(c) Packaging room.
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The compost for button mushroom cultivation is prepared by traditional
long and short methads, Long method of composiing is low lechnoloy-low
out put process and will not require building of bulk treatment chamber for
composting as 15 done in short method, Compost by long method is preparcd
i & single phase with penodic turnings on a covered compx witng platform.
Short method of composting is done m 2 phases, phase-1 s the ourdoor
termentation in a stack or in an aerated bunke: vnd phase-11 in an insulated
bulk pasteurization chamber or peak heating chamber where COMmpast is
subjected to unitorm high temperature treatmer.t for pasteurizaiion (57.59°C)
followed by high temperature (aerobic) controlled fermmentation al 45-457C
(also called conditioning/enrichment of compast), The bulk ehamhber s
msulated on all sides, cetling, floors, walls, doors and made leak prool, The
growing rooms will also have insularion 45 above to cul-off the external
environmen’ for ssmiplared climate cortols to be effective. Tt for seasomal
growing, a nonmal brivk waled cropping room with a brizk lined foor and a
false ceiling will be goad enough o produce a healthy crap of mushrooms in
appropriate seasor on hills or n plains, A simple forced air circulation RYsicm
15 suficient to provide necessary air changes in the toom for remaosval of CO.
from seasoral cropping vooms. Tn case of insulated /climare controlled
cropping rooms, the aw handling units are tnstalled outside of each Cropping
room for creating climate inside during croppiig. A spawn laboratory and a
canuing unit will be required on larpe farms as SUppOrtng units ‘or secds
spawn producton and canning of the mushrooms groduced, respectively.

General Layout/Location of various Unirs

Adter sclection of 1the site, the general layour of @ mushroom farm is
carcfully planned keeping in view the proximity of site area o motorabls
road, Some impirtant factors taken into considerstion before selection of
site for the farm are avil’ability of elean water, regular avalabihty of power
with 3 phase facility, drainage arrangements, availabil v of raw materials
and labour, vicinity of market and green cower 12 the surrounding area, The
site should be away from populated arca as foul odours emanating from the
CUmPpOost yard can be bothersome and a souree of pollution, A commercial
mushroom farm consists of the following units: a} Composting unit
comprising of covered outdoor composting vard or an aerated bunker,
pasteurization chamber/ seak heating room, casing pastcurization chamber
b) Spawn unit ) Cropping unirt d) Post harvest unit. 'The composting vard is

It nearer to the main road for operational convenience The bulk chambers
are built on the vther side of the composting yard (away from road) so that
the distant end of the chamber opens ncarer o cropping roems and away
from composting yard (F1g.1), The cropping room are built away from
COMPosting area for reasons of cleanliness and avonding contaminarion by




pests and pathogens. The casing pasteurization chamber is also built away
from composting vard or on one side of the bulk chambers, Enough space
for future expansinn of composting vard, construction of more bulk chambers
and growing rooms should be left vacant for planned development of a
mushroom farm in a phased mannoer.

The [oundation of the buildings is laid on the firm ground, The
underground water pipes, electrical cables and sewers are laid weell hefore
the actual construction starts. The entire site area should preferably be fenced
or brick walled for security reasons,
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Fig. 1. Gengral lavout of 250 TPA mushroom lanm

Tn areas where land is scarce, double storey cropping houses can be
buill (o economise on space. The cropping rooms are generally builtin double
rows with & path/gully in hetween [or various operations and services.
COMPOSTING UNIT

Composting vnit consisis of the following:

(1)  Outdoor composting platform/aerated banker
(ii) Pastewrizationfacility Peakheatingchamber/BulkPasteurizationchamber

(1) Casing pasteurization chamber
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(i} Covered outdoor composting platform: The composting yard (Fig 2) js
required for phase-l of compusting viz: pre-wetting/mixing and outdoor
aetobic fermentation in a pile. The composting vard should necessarly be a
covered shed without side walls where rain will not interfere in the normal
process of composting process, The high rool will facilitare ¢sape of foul
gases mto the atmosphere. The foundation of the romposting vard should
be laid on a firm ground. After digging, a layver of sard 15-20 ¢m thick is laid
followed by a layer of broken stone/brick pieces |15-20 em thick, Therealicr,
8 cemented floor 15 poured in one aperation, 20 om thick, prelerably
reinforced cement congrele. The provision for understack acration is ladd 1n
the floor of the composting vard in the form of perforated pipes, connected
o air blower. The floor as given a run-oft of 1 ¢m per rumning meler away
trom the bulk chamber towards the guddy pic.

The roof ol the outdaor composting platform is built on tresses or RCC
mbgrs 20-25 ft. high with Gl roofing on top. The sides are withour a wall to
allow the foul gascs to escape into the atiusphere, The sides of the shed are
closed under special eircumstances when composting is done in hat summer
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Fig. 2. Composting yard, bulk chamber and spiwing arca

monchs in tropical arca. The guddy pit is buill away feom the bulk chamber
on one end of the platform. The guddy pit is provided wth « dewatering
pump and a hose. The covered composting yard saoculd be big enough o
hold compost stacks for phase T of composting, and the size of the composting
¥ard will be determined by the number and capacity of bulk chambers. On
ALl AVETage onc lonne compost occupcs about one meter length of the compost
vared, with an extra space of 2-3 m left on cach side for turnng with machines,
Two buls chambers will require a platform with 10-15 m width, Tor two
bulk chambers of 25 tons compost capacity each, a composting vard of 35 x
15m should be good enough to corcurrently run various operations like




prewetting/phase-I al a time [or both the chambers, Ttis, however, advisable
to provide understack aeration for mutdnor composting on the platiorm. The
compost yard should have a 3 feet wall on perphery to prevent entry 0F run
off water in hilly areas in rainy season, which can hring in nematodes, 1nsect
pests, and other undesirable elemenis into the compost yard. The compost
vard should be approachable hy a motorable road on one side (away from
hulk chamber), so that the raw materialy can directly be unloaded or onc
end of the platform, which will save the labour cost of ransporting the raw
materials from road headd (o compost yard. 1o hilly areas a chute can be built
from road head down 1o the compost yard for depositing the raw materials
onto the plarform directy from the motorable road, thus reducing the labour
CSEs,

Water connection with 27-3" dia pipe should be available at the
composting yard permanently with additional portable hoze pipe of
approoriate dia [or use during pre-wetting. One dewatering pump with a
hoze should be installed in the guddy pit to pump out the run-ofl’ water for
its reuse during pre-wetting.

A drain should run on the two sides of the platform to facilitate periodic
cleaning of platform. Alternatively, sunken traps for drains and Tresh water
connection can be provided at the composting yard,

A few 3-phase 15 Amp power cunnections should also be provided at
the composting yard for operating mach: nes like automatic compost turning
rmachine, filling line and spawning machine. The yard should be well lighted
with tube lights and strong search lights to facilitate round the clock operations
at the compuosting yard, An overhead or underground water tank 13 nccessary,
particularly where water is scaree, 1o store water for timely operations. Ram
warer harvesting system buill as part of the farsm could be of tremendous
nelp to the mushroom farm, saving costs.

Aerated systems of phase-T are built in the form of aerated bunkers,
used for phase-l of compasting in place of outdoor composting in stacks/
ricks. There are twa types of aerated bunkers:

a) Low pressure aerated bunkers: These aerated bunkers are ordinary rooms
with single brick walls on longer sides, butlt over a plenum with slitted / grated
lap forming the Noor of the bunker (Fig 3. The pleaum is a closed chamber
under the grated floor, about 1 % 1o 2 feet deep with closed ends. The plenum
is serviced by a blower fan celivering air into the compost material heaped
aver the grated floor

The dimensions of a phase-1 bunker for a bulk chamber o' 40" x 10° x
13" (h) for 25 wons of compost (final output) should be 45" x 12" x 15" (h),
covered with a slanting GI roof over tresses/wooden [rame. There s a free
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space between the side walls un top and the G1 roof for esca pe ol pases
during phase-I process. There is no reguirement of insulation ANWWHETE 1N
the bunker. The two shorter openings of the chamber are left apen, and
cumpost held in position with use of wooder planks sliding into the chaanel.

The air quantity required to be deljivered into the composting materials
periodically {5 minvtes in every howr round (he clock) 18 25m* air/ton
compostng material /hour (17 10% of air quantity nocmally delivered in phase
[l chamber). with return pressure of Shmm water level, This acrated bunker of
above durensions will accommodate about 34-35 tong of pre-wetted Sblended
compostng material, which will finally vield about 25 tons of ready 1o spawn
cornpost after completion of phase-1T of composting The blower fan is placed
on sides/underground blower room/on top of the roof (i roof is made of
RCC). The blower tan is ftted with a timer 20 enable the fan to blow air for 4.
3 munutes every hour. Also placed in the plenum air is an OXYECTL sensor (o
measure oxygen content of the air below the rompos:ing material,
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This bunkers helps in economizing on space, is environment friendly as
it emirs reiduced guantitics of foul gases and carhoa dioxide, saves labour
and results 1 lesser shrinkage of the composting materials,

(b) High pressurc system-spigot bunkers: The sccond type ol aerated
phasc-1 bunlcer is huilt in similar fashion as in low pressure bunkers hut for
the difference in acration system laid in the floor of the hunker. The Hoor
of this bunker contains spigot openings for air delivery into the composting
material heaped over the pertorated floor. The spigots are plastic cones,
with wider end open with dia of abeur 1 % * -2 * and the narrow end with
14 dia Ore hole is drilled on narrow end side with dia of ram (+) for air
delivery, The wider end of spigot is joined with the pipes in the plenum.
The spigots are joined to the pipes running parallel to the longer sides of
the hunker plenum, which are connected together with a Us-pipe, and finally
comnected to the duct of @ high pressure blower fan. The blower fan wall
have the capacity to deliver air quantity at 25 m* /ton /hr with pressurc of
700 mm water level, The spigots open in the [loor surface m grooves which
are 3 cm wide and 2 em deep, placed at 40 cm apart ( both groove to groove
and hole 1o hole).

Pasteurization / phase-11 of composting: The bulk pasteurization chamber
and peak heating chamber are principally used for phase-11 of composting
toor pasteurization and high temperarure contralled agrobic fermentation (also
called conditoning), For this purpose, an mnsulated chamber 1s built wath
facility for recirculation, stearn mlet, blower and controlled fresh air entry.
The insulated chamber is built with purpose of cutting off the external
environment and stimulating a desired high temperature environment inside
for controlled fermentalion of the composting ingredicnts. Two types of
chambers are used for this purpose 1) peak heating chamber and (ii) bulk
pastearization chamber (tunnel).

ii) Peak heating chamber: The peak heatmg chamber consists of an
insulated room with facility for injection of steam, aw intake and a
circulation. This room s built with insulation on ceiling, floor and 4 walls
of the door. The shelves/Lrays ace filled with green compost after completion
of phase-I. The air circulation fan is switched on o equivalize temperature
ir the compost beds/air. After equivalization, steam is mjected into the
room with vents closed and temperature of the air rasised to 57-38 °C anc
held at this temperature for 6-8 hours for pasteurization of compost. The
compost temperature will be higher by 1-2 "C. This is followed by
conditioning at 48-33 *C with introduction of sorne fresh air (about 20% of
total volume of air recirculated). This lasts for 5-6 days till ammonia smell
disappears. This facility is more suited when smaller amounls of compost
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are handled. The modificarion of this system i3 what we term as ‘single
zone systerm’ of composting. In this system all roomns on a mushroom farm
are excellently insulated and provided with steam, air handling, cooling
and heating faahtics. The compost alter phase-T is filled in racks/travs in
the cropping ronm for all operations in a row, like pasreutization/
conditioning, spawn rum. case run and cropping All the operations are
done in the same chamber for labour cconomy and efficient atilization of
thie available space. This system can be more efficient in already built
structures like cold storages ete. where the entire space is utilized to
maximum efficicncy without investing in construction of bulk charabers
fur composting. The single zone system is expensive and the initial ciapital
cast is higher, as all the rooms will have to be provided with Zacilites for all
the operations to be carried out in series. This system is in use in some of
the old mushroom farms in Western Furope and most of the firms in the
USA,

iii4) Bulk pasteurization chumber/tunnel: This is 4 modificarion of the
peak heating chamber with the difference that in this case compaost is handled
in greater bulk quite efficiently (Derks, 1973, 1984). This is termed as ‘double
zone system’. The compost after phase-1 is filled into specially built chamber
which is properly nsulated and provided with steam connection and air blowing
system for re-circulation. The compost is filled in the chamber on top of the
perforated grated Moor built over the plenum. The plenum is orovided with an
a'r cirenlation duct used duning pasteurization/ conditioning (Fig. 4),
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Ihe bulk chamber should be constructed on distant eac, (away from
road) of the compesing platferm. Ope end of the bulk chamber opens into
the platform and the distant end 1n the clean spawning arez. The foundation
of the bulk chamber is dug on a firm base ground. The foundation 15 dug 1.5
to 2 feet deep, depending upon the firmaess of the pround. 'The floor of the
chamber should be [zd staruog with a sand laver 15-20 cm thick, followed
wilh a Liyer of broken brgk/stone chips 10cm thick and a concrewe floor
(1:3:6); and insulation with thermocol/glass wool 5 em thick (15kg/m?
density). The imsulation s covered with isolating membrane of PVC sheeting
followed by 5 eni cement floor and fnally the finish. Such Aoor is constructed
(a5 above) for both cropping room aid the chamber, The walls of the chamber
should he 9" thack (one brick lengthwise) built over the conerete foundation.
The length and breadth of the bulk chamber will vary, depending upon the
amount of compast (o he ‘reated in the chamber, with the height of 13 ft
The ool 1s made of 4" thick RCC. The walls, ceiling and the floor below the
plefwum are insulated with 5 cm thick insulating matenal (15kg densily per
m*} necessary for effective insulating ¢ffect during pasteurizalion and
conditioning of the compost (Vedder, 1978), The floor musi ke laid with a
good run-off provided with a drain to facilitate cleaning, A leakage in bulk
chamber must be prevented at any cost. The grated {loor is laid on top af the
plenum over the ventilation duct. The grated Toor must allow the air to pass
througn, for which approximately 25-30% ol the tloor area is Telt in the form
ol gaps for ventilation/circulaton of air and steam. The pleaum s divided
with a perforated brick wall {one or two) in the cectre for supporting the
grated floor, The gratings can be made of wood (painted with biruminous
pamnt), coared iron strips mounted on angle iron frame or of reinforced cement
concrete. If nylon neds are ta be used for mechanical filling and empeying,
then cemented graled Hoor with appropriate RCC strength is buile specially
for the purpose. The doors of the bulk chamber are made of angle iron or
wooden Tame with 2"-3" iosulation i the middle and covered on both sides
with aluminum or GI sheets, The chamber will have two exhaust vents, one
for recrrculation cxit and the other fon exhaust of gases on introduction of
fresh air via fltered dampers. Fungal [iliess of 2-3 poare fitted on the entry
pmnts to keep out pathogemic fungal spores and other pests. The fresh ain
dampers are provided on top of the roof and conneeted with recireulariom
duct for introduction of fresh air when needed. Thi chamber is serviced by a
blower fan below the plenum, installed m underground room or on the side
ol the chamber, The blower fan size will depend upon the tonnage of cormpost
to be hardled in the bulk chamber.

A centnfugal blower fan 15 built to urder as per requirement. Alr quantity
ol 150-200 m’ /ton of compost /e with veturn air pressure af 80- 100 mm al entry
pomt s required forthe bulk chamber, Formechanically filled /emptied chamber,
nylon mats are used which will require the return air pressure of 150 mm.
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The steam line is also connected at the entry point. The walls and weiling are
damp proofed by coating bituminous paint on mside over the cemented surf: ace,
which serves as an effective vapour barrier. The grated floor inside and the
wotk Hoar nulside should be of the same height tor operational convenience.

Twao typesof tunnels (bulk chambers) are in use, two door bulk chambess
and smgle door bulk chambers, In the single door bulk chamber. the same
door is used for filling and empiving and the other end 1s vtilized for fixing
installations (bBlower, etc.), In double door bulk chamber, one door s used
lor hilling (which opens into the composting vard) and the ather for emptying
(opening into the sterile spawning area). Apart from effective insulation and
damp proofing the walls/ceiling, no oither specific requirements need 1o le
mat in construction of a bulk chamber. The ducting (insulated) for
recirculation of gir and [resh air crtry is made of aluminium or G sheer,
|87 % 18" (fig 4).

Ihe bulk chamber can be Glled/ emptied manually or by conveyer belts/
machines. The uses of machines tor filling/ emptying are lehour savin g, time
saving and ensure muintenance of absolute cleanliness during operations,
For mechanical comptying two nylon nets are used, one lixed over the ROC
grated floor and the other moving over the lower nel (pulled by a winch),
The compost when brought out is fed into the spawning machine where
requisite amount of spawn is mixed with the compust and the secded com post
is then flled into clean polythene bags for fransport o the growing room.

Cooling of compost in tropical areas in summer months-special
requirement in compost bulk chamber: Cooling equipment installation is
requircd tor cooling of compost after e impletion of conditioning in summer
months, when outside ambient (emperatures are around 35-40°C. One am
handling unit (AHU) with cuoling coils is installed as part of blower system
underground for cooling of cornpost. This additional arrangement 15 required
only under tropical conditions where the outside ambient temperatures are
higher in summer months. This system is proving very effective for coohng
ol the compost after completion of composting process in tropical areas.

Casing pasteurization chamber: The casing pasteurization chamber 1s an
insulaied ckamber like compost pasicurization chamber with a steam
conneciton and a blower fan for effective circulation of steam inside Lhe
chamber for attaining correct temperatures for pasteunization of the casing
materials (Fig.5). The size of the chamber-will depend upon the size of the
compost chamber and the size of the growing rooms. Ore chamber load
should provide casing for ene compost lot From each tunnel. The ci simyg aller
welling 1s filled into the perforated wooden/alurminum trays which are stacked
une over the other inside the chamber and steam treated at 65°C for 6-8
hours. The door of the casing pasteunzation chamber should also be insulated

<p




as in compost bulk chamber and made air tight by fxing a rubber gasket on
the inner boundary of the door. This chamber should be built away from the
composting vard to maintain abselute hyeiene and cleanliness,
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Fizg, 5. Casing Pastenrization Chambers

In India tremendous problem is experienced in selection and use of casing
matenals as peat i3 not available in our country and rotien Farm Yard Manure
(FYM) and Spent Mushroom Compost (hoth 2 years old) are wsed a5 a casing
medium with faitly good results. Bul there is problem of salt acoumulation in
these materials, resuluing in higher electrical conductivity. This can be reclified
by washing/stceping these malerials in clean water for 4-6 houts before steam
pasteurization. So, construction of cemcented water channels/tanks with
arrangemert for free flow of clezn water above and drainage below will he
required to wash/steep the casing material before use. Decomposed Cuir Pith
s also recommended Lo be used as casing material with good resalrs.

SPAWN UNIT

Mushroom mycelium grown in pure culture on some nutrien? hase and
used for seeding of che substrate for mushrooim growing 1s technically called
spawtl. For cultivation/domestication of edible fleshy fingi, it is necessary
to bring the mushroom fungus into pure culture and multiply the fungus on
some medium like Malt Extract Agar medium and then prepare its spawn
on wheat graim for seeding of the substrate. Spawn preparztion is thus the
first step in the cultivation of mushrooms. The spawn production invalves
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three major steps, 1.e. raising of pure culture of the fungus and its maintenance,
preparation of mother inoculom/mather spawn and multiplication of
planting or commercial spawn from mother spawn.

Layout plan of a spawn laboratory

A minimmam built area of 6P x30°x14'(h) is required for a moderate sized
spawr: lahora‘ory capable of producing about 50 tons of spawn per annum
{I7har, 2002). The capacity of spawn production laboratary can be increased
by adding more incubation rooms to the unit (Hg6). A bigger lahoratory of
100" x40°x12°(h) size will have the capacity to produce more than 100 tons of
spawn per annum (g ),
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Fig. &. lay aut plan of a spawn lah

The spawn laboratory requires various sections/rooms for various
operations in a serigs. One is & washing room where grain is washed in warer
tanks setially. The second room s required for cooking/autoclaving, where
grain is boiled, surface dried and poured inside the glass bottles/pp pages (after
mixing of calcium carbonate/ gypsum) for autoclaving /sterilization. The third
room ol 4 spawn unit is used for incculation under sterile condition on & laminar
Howe: The 47 section is the incubation room where the inoculated spawe bottles/
bags are kept m an insulared incubation room with arrangement for heating /
cooling at required temperature for a particular tvpe of mushroom. The fifth
room of the uml 15 a well insulated cold stworage with a cooling system for
mauttenance of temperature at 2-4"C for spawn storage The additional space
required will be 1n the form of a store, office, A/C equipment room and general
space (covered verandah) for equipments like BOD -ncubator, refrigerator, pH
merer, oven and such otheér equipmenis reguired in a spawn laboratory. The




spawn laboratory should have clean water connection with proper drainage
and provision for uninterrupted power supply. The spawn unit should be ocated
away from polluted area and main road, znd preferahly have a green
surrounding for keeping the dust away, The spawan laboratory should have a
maotorable approach road for transport of raw materals to the unit and finished
product from the laboratory to the user,

The layout plan as shown in figure 6 is a generalized one, and various
rooms marked for different operations can be relocated in the building as per
convenience of opéerations and availability of space.

Matenials / Equipments required ;: Grain washing ranks, boiling kettle-steam
jacketed, auteclave, working tables-S5 top, laminar flow, iron / aluminum
racks, air conditioners, how air blowers, BOD incubator, refrigerator, pH meter,
welghing halance, glassware, nlastic ware, pp bags, plass bottles, double
distilled glass apparatus, non absurbent cotton, othors.,

CROPPING UNIT

Since mushrooms are grown indoors under simulated environment
specially ereated for a particular mushroom, the eropping roums are required
t0 be specially built for the purpose. Two types of cropping rooms are used
for crap raising suiting a particular requirement — cropping rooms required
for seasonal growing with no environment contrals and those for environment
controlled grownng all the year round (Fig. 7).

Fig. 7. Front cross Sectional View of Cropping Rooms
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Seasonal cropping rooms: Seasonal cropping rocims are simple rooms with
maodifications made for roaindaining vanouws growlh paramesers, These cropping
rooms will have a cemented floor, cemernted walls. cemented ceiling or a false
ceiling with arrangement for foreed air cieuladon duct inside. The seasonal
cropping rooms are auill of simple brick walls with roof made of asbestos
sheets and a false ceiling, The room 15 more or less made air tight o make the
forced air circulation systemn work effectively for obtaining necessary alr changes
during growing. INo insulation is required for seasonal growing rooms as it
will not allow heat dissipanon from the room efficiently. These simple rooms
are used for seasoral mushroom growing, coinciding various phases of crop
prowth with prevailing outside temperatures. No energy is used for heating/
cooling of the rooms under scasonal growing conditions. The cropping rooms
for seasornal grow:np can also be made with a thatched rool and a false polythene
ceiling. The door is installed on one end and the exhaust vents on the opposite
end of the door. The forced air cireulation fan s installed on top of the door
(Fiz.8). The mmshrooms are grown on beds made ouat of hamboo and sarkanda
stems (a plant abundantly growing as a weed m North Western plains of India),
These growing rooms can also be bl as low cost structures, steel pipe frame
with high density polythene covering from outside. The real low cost-low
technology growing houses built 0 rural areas are made from bamboo, paddy
straw amnd satkanda, with walls, roof’ and door made of sarkanda stems. The
air 15 exchenged in this room through porous walls all the tiene. But these
houses are totally at the mercy of the climate and low winter temperatures
interfere in the normal crop production.
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The mushroom avvses made with bamboo frame and synthete fiker
cleth material, both inside and outside, with padidy straw iasulaton inhetween
has also given good results under hill conditions for seasonal growing {details
given scparately under low cost structures).

Envirenment controlled cropping rooms: The cnvironment controlled
cropping rooms are bnilt lke hermetically sealed insulated chambers where
the air muevement is controlled either manually or semi automarically with
mechanical control systems. These cropping rooms are appropriately
insufated and the dimensions of a cropping Toom are derermined by the
amourt of compost to be fillec into the room. Eooms with creater length
and navrower width give better results as far as air handling inside the room
15 concerned. A cropping room with a capacity to take compost from one
bulk chamber is considered advantageous as one hulk chamber lead can
straightaway be filled inio ome cropping 1oom. Both bulk chamber and
cropping rooms of 20-25 tons compust capacity each are considered to be
operationally efficient , as the operation of filling/emptving and spawning
al’ 20-25 tons of compost can conveniently be done in one day manually,
when machines are not to be used. For this quantity of COMPOST, cropping
rocm with the following dimensions are in use in various parts of the world.
1} p2tE 18 w2

i) 60%x2F x 12

i) 35 x25 % 13

v) 60" x 227 x 1O (low cosl siructures)

vi 40213

The cropping rexnms with above dimensivns are used with shelves in 5-6
Hers inside (3-5 shelves), each room helding 20-25 tons of compast, the variation
being adjusted more with varying the depth of compost layer. Polythene bags
are also used for growing mushrooms in these growing houses, with
approximately similar capacity of compost holding (Tig 9).

The foundation of growing rooms should be laid on dry and firm ground.
The floor is [zid as explamed for bulk chamber The walls will be made of one
brick thickness (9 thickness) and cetling made of 4" thick RCC. The growing
rooms will have a single insulated door and 2 vents for exhaust on the back
wall at zround level. One cpening s provided or tp of the door for entry of
duct of the Aar Handling Unit (AHU). The walls, celling and foor are insulated
with 5 cm thick irsulating material. The rooms are made air tight and all leaks
sealed to prevent ingress of heat from outside, The cooling, hearing and forced
air circulation in the growing room is done with use of air handling unit (AHU)
installed outside the room for each cropping roor individually, The floor and
walls of the cropping rooms should have o smooth finish with foor given a
gentle slope towards the dischazge drain/ trap in the room,
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Fiz. 9. Tnternal Layout of 2 Cropping Room 60° x 22" x 13"/ T'wo rows and six tiers

Structural details special to cropping rooms

Floor: The floor must be well Laid out and should be strornig enough to ake
the heavy load of multi tier metal racks 1o be installed inside for growmg
mushrooms. After digging start with a bed of sand 15-20 an thick, followed
by 5 om thick concrete floor (1:3:6) The floar should then be insulated with
insularing material 5 cm thick (compressed sheet of thermeocol/glass wool/
polvurethane). The insulation should be protected by a PV sheeting, below
and anove, against moisture. It 15 then covered with wite mesh and finally 5
cm thick concrete floor 15 Laid on mon, which 15 given a smooth hinosh, The
flocr should be given slight slope towards the discharge drain/leap for
discharge of cleaning water. The drain /rap in the eropping room is connected
to main drain in the corridor (o discharge washings fitom the room, The
water discharge hole of the cropping room is protected at this point to prevent
feakage of air rom the growing room.

Walls: The walls are made of bricks (22.5 ¢m thick), which arc given a
smaoth finish with cement plaster. The insulation sheets are fixed on the
wills (5 em thick thermocol/ glass wool/polyurethane), with the use of hot
coal tar. Holes are drlled an Zour corners of the sheet/insice the cemenl
wall (for expansion fasteners) which are fixed by screwing in the nail with
4".5" long steel wire ted on its head. The wires hanging out of the sheet are

<19




later used for nghtening of wire net fixed on top of the insulation. The layer
of cement plaster 15 then applied (Zem) on top of this and given a smooth
finish. Bituminous paint is applied over cement plaster as a vapour barrict.
Thas wall will be good enough to give a k-value of about )5 keal/ m?/ h, even
lesser and will facilitate proper control of climate inside the CIOPpPIng room,
The commaon wall will bave insulation on one side only, or one inch insalation
applied on each tace of the wall.

Rools: The roof is made of RCC (1:2:4) 12-15cm (hick. The inside 15 given a
cement plaster fimsh for application of msulation (4 explained for the wall),
The root on the outside is protecied by tarring it on 1op, followed by 10 cm
thick loose soil, 5 cm thick mud capning and finally the tiles, This will protect
the roof from weathering eftects of rain and will ensure longer life of
insulation and prevent secpage of moisture ivto the room ia rainy season. In
hilly areas with a high rainfall index, slanting G| sheet roof over the insulated
RCC roof will be excellent and in thar case mud capping/tiling of the roof is
not required.

Doors/vents: The doors of the cropping room (inciuding hulk
pastcunzation chamber) are made of wood or angle iron frame covered un
inside and outside with aluminum sheets/ Gl sheets with insulation of 5.7
el i the middle, The doors will have a rubber gasket lined on inner periphery
50 that the door becomes air tight when closed. The door will pperate on
mnges, with a strong locking lawch for opening and clusing of the door.

The exhaust vents are normally made on the opposite end of the room cntry
point, on the lower part of the wall at ground level, The exhaust vents arc
fitted with wire net, gravitational luvers and insulated lids. The luvers allow
the CC), laiden air to exhaust under positive pressure created by the blower
fan mside the air handling unir,

Lighting arrangement: There should be provision for tube lights and a
mobile strong light for inspection in each cropping room. The tube lights
should be protected with a water proof housing. The tube lights should he
fitted on all the walls vertically at various heights to fagilitate Lighting of all
ticrs/beds. There should be provision for a few electric points (5 and 15
Amp.) for operation of water spraying equipment and CO, measuring
INSErILMEents.

Water conmection and sewers: One clean water pipe line (1" ar 125"} for
delivering clean waler for spraying should be provided in each room. Provision
for underpround discharge drainage line for-carrying the washings from the
room and wash basin discharge should Be laid before corstruction of the
building in the cormidor/rooms. This waste water line shoulé be connected
to the comumun sewer outside. Tn H.D. polythene cropping rooms, sunken




traps on the tloor for fresh water connection and discharge watcer are provided
inside the growing house with each trapaf 1'51'x1" dimension Frted with an
iron lid on top. Tt is destrable to lay underground dramage in the central
gallery in advance nf erecting the structure for carryving away the weste waler/
washings from the cropping roanms.

Gallery: T'he gallery berween the tows of cropping tooms should be wide,
(approximately 20 feer) to facilitate performing various operations without
hinderance. The height of the gallery should be gbout & with a false celling,
leaving another 5 feel above for pipe ling and space for AHUs.

Requirement of environment control and forced air circulation in the
cropping rooms: White buttor: mushroom Agavicis bispurps requires 24°C
[or vegetative growsh (spawn run) and 15-17°C for reproductive growth
(mushroom production). The temperature requirement ol temperature
tulerani white button mushroom A Bitorgus is 4-6"C higher for both the stages
(2R-30°C for spawn run, 22-26°C for mushroom growth), The requiremenl
of RH during spawn ruianc case ran is 90-95% and during cropping 80-
A5%. The third factor is fresh air requurement and remova. of CQ, + heat
fum the cropping room. During spawn run these 1= very little requirement
of fresh air and higher concentration of CO, in the growing room 15 desirable
fior quick spawn run, During cropping fresh air tequiremoent 15 tremendous
and CO, has to be exhausied regularly. The CO, concentration during
cropping, in seneral, should not be above 800-1000 ppm and this 1s adjusted
as per the requirement of the strain of mushroom under cultivation, The
amount of heat produced curing spawn run during the first two fushes in
the cropping raem contaming 20-23 tons of compast is about 4000-5000
keal per hour, which has to be removed regulaily by frequent air chenges
during spawa run. Alr changes, cooling/heating, BH mamienance, heat/
CO, removal and evaporation from the beds 15 constantly maneuveree insice
the cropping room for getting a healthy crop of mushrooms. These [actors
are part of the environmental crop management and are as vital and important
as quality of compost and spawn in mushroom growing. All the above factors
have (o be maintained in co-ordinared manner, as change in one factor atffects
the other. The enthalpyv-lines (Moliar diagram) available for a particular place
becomes & guicing factor for environment/climare creation insicle the
cropping room (Griensven, [398E),

Environmental requirements for scasonal growing: For seasonal growing,
all the abave requirements are nict with by coinciding various stages of crop
growth with prevailing scasonal temperatures outside, In hilly areas the
mushrooms are prown seasonally all the yedr round with minor adjustments,
raising 2-3 crops in a vear, But for round the vear cultivation in halls with
greater productivity, environment control is ¢ssential to provide uniform
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climate inside the cropping rcom for greater productivity in hot and cold
periods uf the seasen. The seasonal crop can also be raised in plains close to
hills in winter months (October — February) with good prafits. The hotter/
ropicial “sub tropical areas will require air conditioning and environment
control all the year ~ound since the temperatures 1o these ragions range
between 28-407C most of the vear.

Forced air circulation: Forced air civculalion is very essential fon introduction
al gxygen and exhausting the CO, laiden air durng cropping, as the compost
is nmucrobiclogically active and produces CO, all the ime with consumplion
of oxygen. In contralled growing houses the forced air circulation is achicved
by the use of an AHU whick cools/heats, maintains R11, forces-in fresh air
and exhausts the CO. luiden air via back veris under positive prossurc,
Provision for forced air circulation can be made mn seasonal growing houses
by installing an exhaust fan on top of the door facing inwards and joined (o
& perforated polythene duct running along the entire length of the room.
T'he walls and false eenling should be air tight to make the [ovced air circulation
svstem effective and workable. In low cost growing houses where thatched
ronl 18 used, polvthene false ceiling will be essential to create the sealing
effect on top. The seasonal growing houses should not be insulated, as it will
be difficult to maintain the ripht ervironment inside the room m the season
congenial for crop growlh, In exoreme cold areas where lower temperatares
are prevalent in some part of the season, hrick walls with air gaps should be
good enough to prevent condensalion ol water on the walls in rhe cropping
rOOms,

Method of environment control: The growing parameters like temoerature,
EH.CO., and introduction of fresh air responsible for the production of
healthy crop of mushrooms, need to be simulated inside the cropping room
in thiose areas where outside temperatures arc nol congenial for mushroom
growth., The basic requirement for alr cenditioning/environment control in
a growing house 15 the insulation of the cropping room to compleiely cut-off
the external enviranment from the inside envronment. The air entry is
restricied end controlled as per the reguirernent of the cropping soom with
use of an “Asr Handling Unit” (AHU). The AHU contains the cooling ceils,
the heating coils and one chamber for humidification, with a centrifugal
blower fan in front to pull throagh the air into the rmoom for circulation via
alr ducts placed ir the room as per plan. 'The recommended air pressure of
the blower fan of AHU should support 50 mm of water level at the entry
point. The cooling coils are suaphed with chilled water at 5-6°C froma chiller
in the A/C room, The aumber of cooling coils to be used in AHU will be
determined by compost load of the room and preveiling purside tcmperature
and 1s always caleulated for the maximum reguirement during the hotlest
period. The air after 1ts passage through the cooling colls is cooled to ahour
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13-14C befare it is blown into mist chamber for humidification. 1he air in
the humidity chamber is brought to 100% RI at 13-147C, anc then blown
into the ducts for circulation into the cropping room. By the lime 1t reaches
the crop hed, the lemperature rises to aboat 16-17°C lowering the RH
automatically to 5%, The air speed on the beds should not exceed 15cm per
second. unless the air is amply humidilied. The slow movement of air over
the crop bed ensures slow cvaporation of moisture from the crop beds resulting
in removal of CO. - heat from the crop bed. The CO, gets mixed with the air
and is finally blown our via the exhaust vents. This 1% the techaique used
curing cropping for maintenance of required climate inside the
croppiag room. The requirement of [resh air i adjusted to 0% outsides
fresh air during fisst and second flush of the crop, 2% in the subscquent
flushes. The rest of the air is recirculated from inside via recirculanion duct
comnected 1o AHUL ‘The fresh airdrecirculazed air quantitics are mixed/
controlled by adjustment of dampers at fresh and reeirculared air entry oo,
The size of the damper is known and by measuring the air specd al entry
puint, the air quantity can be adjusted. The air displacement capacity of
AHU in a cropping room should be abour 4500-5000 m* hour for a cropping
room with 20-25 tons of compost,

Tn temperate/ cooler areas, the air can be forced in without pretreatment
for cooling. In hotter Teglons conling is required and for this the water is
chilled (For use in AHU) in the chiller (shell/tank) in the A/ C room. The
heat ultimately is lost into the stmosphere via cooling towes ¢crected on top
aof the A/C room. For mushroom growing rooms cooling -5 done indivectly
by use of chilled wazer in the cooling conls in AHTT Alrernatively, the awr can
be preconditioned in ASC room/alr washers and then boowen inro all the
cropping rooms, but this has a disadvaniage that all rooms will have to be al
one stage of cropping. Individual AHUS far cach room swill facilizare the
use of different terperature ranges recutred Al differert stages of crop growth.
The use of room air conditoners is not recommended for mushroom growing,
as these will dry the cropping beds before it starts conling.

For heating of rooms, the heating coils in AHLU are supplied with steam
om a low pressure boiler and number of heating colls required will deprend
apon the prevailing outside temperatute. The RH s created in the st
chamber of AHU with the help of foupers located in the RH chamber [ur
misting. The watcr is pumped into these jets with force and collected back in
the trough below the chamber for recirculation. The ducting ir the cropping
rooms 15 done with precise measuremerts, keeping 1n view the number of
shelves in the room and the tofal bed area, with amount of Compos..

The duct should be laid in such a way to ensure slow movement of air
over the erop bed surface. This can be checked by burning incense sticks




paddy siraw n between (we walls of synthetic cloth aelps in maintaining
temperatute of 5-6 °C higher than in ordinury scasonal mushroom growing
TOOINE it winter months,

The construction of this [ow cost insulated cloth hut is done m simlar fashion
as explained tor bamboo hut. The loor is laid with broken stone/broken
brick 6-8" thick, followed by 8'-8" of sand. The hricks ate fixed in the sand
and in this way the brick oor is made smooth and properly leveled, The
plastic 7 iron pipes 3" in dia and 18" long are grouted at 3'-4 distance all
alomg the periphery 1 double row {1 feet epart). The bamboo poles are fixed
in these holes and structare erected a3 in bamboo hut, But in this casc bwo
rows zre created. The bamboo poles of 3 feet length are fised n these pipes
and basic structire bl of bamboo (doable walled with gap of 1 feet). The
slanting roof with 1aner polvthene laver + cuter sarkanda layer is laid om top
asa roul (waler prool), The svothedc clodh s fixed on inside of inner bamboo
poles and onater layer on nutside of owrer bambaoo poles 1moa vow The gap in
between 15 packed with paddy straw, and the wall area sealed with syntheti
cloth on top as well. The bamboo shelves aze buill as in split bamboo house.
The door is also built of doukle bamboo structure with synthetic cloth on
inner and ourer side (Ggure 12), Two vents (16" x 16") , one 1 front and one
at the rear are provided for air exchange/ acratior. A drair 15 dug on the
guter periphery 1o Carry away ram water,
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Fig. 12. Bamboa- paddy straw insnlted poly house

(iii} Bambao Huts in North Eastern Hills { a modification)

In Megalaya, the mushroom houses 2re constructed using locally available
materials ke bamboo, thatchane mud plasier, Walls are iade up ol split bamboo
plastered evenly inside with a mixture of mud 2nd cow dung. Tn order o insulate
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the mside coviconmenl, 8 scoond wall is bwilt all around the house, keeping
about 150ms space between the first wall and the seeond. Mud plastering is done
on the putside of the outside wall. The air space in berween the two watlls acts as
an insulator. The floor of the house is made of nmud or bricks. A false cedling is
buill 1o keep our the contaminants fromn (he thaich rool. Besides the friont door,
ventlators are provided in the upper and lower positions of the front ard rear
side of the room [or proper exchange of air inside the room, The front view of
the mushroom house ‘s shown n Fiez 13,

Fiz, 13, Fromi view of Iow cost mushroom
house in Megalaya

CANNING UNIT
Layout of a canming unit

A general layour of a canning unit of about 1-2 tons canning capacity per day
is given in line drawing as under, However, miner modifications can be done for
placement of equipmenis suiling the space availzbility, Canning wnt / processing
unit should not be less 100 m? built area with 14" height as per TTO specification.
Before establishing a commercial canning unit, it is necessary wr constder certain
impottant factors such as investment, site, building, water supply, labour ete., In
addition to FPO license from the Ministry of Food Processing Industy,

The capital oul-lay for canning unit inchrdes investment on land, building
and machinery. The running o operatinnal expenses include the cost of raw
material, labour, processing, storage, transport and marketing
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The unit 15 huilt as aa integral part of large rushroom farm and can
also be established as an independent food processing unit, The site should
have access by a motorable road for proper transport facility, with elean
eovironment and arrangement tor sewapec disposal. The sile should be away
from smoking chimneys and ather hazard discharging [aetories which could
citeel the guality of canned produc:. The site should have abundant water
supnly available with facility for electne power supply (3 phise).

Building of canning unit

A general lavout of a canming hall with placement ol various
capripraenis in series for canning of 1-2 tons of mushroom per cay 1s given
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in Figure. 14 Tloor of the canning hall should have good slope i 174 inch
per feet running length towards the cischarge drain for discharge of wa
hings from the canning hall. All doors, windows and vertilators should be
provided with fine wize mesh to prevent flies and insects entering the untt,
The cntry door shouald have double door system for prevention of nsects
into the hzll,

Butron mushrooms are highly perisheble with very short shelf life
o Tew hiours to a day, depending upon the outside ambient temperature.

Among the vanious
preservation methods followed, canning is the most commonly used
method universally, The process of sealing processed Moodstuffs in
hermetically sealed containers and sterilizing these by heat fur long term
steirape 15 called canring{Azad eral, 1986). Canning method is the most
popular method of preserving mushrooms tor longer storage. Many Asian
countries lilee India, China, Tatwan, Korea, Indonesia exoort their produce
toy the American and Buropean countries in the farm of canned mushrooms.
The machiteries involved in the caaning of mushrooms with descripton
of each functoning wnil is described below in the order it 1s used i the
canmng line :

a) Lid-Embossing machine

This machine (Fig.15) is uged tu
emboss the lids with the required
reference letters or ligures hke date of
manufacture, date of expiry , rate and
quanticy etc.,. This machine is operated
by a foor paddle which, when pressed
embosses the lic by virtue of marker dics,
without piercing it.

b) Can-reformer

This 1s simple machine (Fig. 16)
which reforms the Dadened can bodiss to
rounc shape, prior to flanging. 'The
flattened can i1s mounted on to the rubber
roller and on pressing the pedal, 1 presses
the can against the rotating steel roller
thereby giving it a round shape,
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c) Can-flanger

This simple hand operated machine, (Fig. 17, 1s used for simultancous
Ranging of both sides ol the round can afier the operation of the can-reformer,
A toggle motionbalanced hand-lever enables the maching to be operated with
minimum egxertion. The flanging is necessary to enable the bottom/top lids
Lo be Fxed in the can with leak proof sealng.

d) Flange-rectifier

This iz a simple hand operated machine
(Fig.18) used for rectification of misshaped
flanges of cans. The misshaped flanged can is
placed on the die and by simple application of
the handle, the flange 13 recnfied.

¢) Double-seamer

This 15 a semi-automatie machine (Fig. 19),
most suitable [or segming processec cans as well
a5 Manged cans with the embossed lids on both
sides,

f) Double jacketed kettle for blanching of
mushrooms

This kettle/vessel (Fig. 20) is mounted on
a heavy duty mild steel stand with tilting
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arrapgement, The kettle has a double jacker at the bottom end for maximum
steam utilization and efiiciency, Both the pan and jacket are mude up of high
quality stainless steel. This is mainly vsed for barch heating and hlanching of
mushrooms,

gy Exhaust box

This machine - a moving onveyer
belt enclosed 1n a stéam acared long
box (Fig.21), consists of a chain conveyor
pase moving at low speed to allow the cans
filled with mushrooms be in contact wich
steam for 1 to 2 minutes, to bring the
comlents of the can w boilicg condition by
the time it reaches the end of the box (exil
podnt).

h) Canning retort

This pressurized vessel fequipment
(Fig.22) 18 uysed for sterilizaticn of
seiled canned matenal under pressure,
after aperations of filling and seaming
ar¢ completed. It is equipped with
Pressure  gauge anc  salely  valwve.
The mushroom cans are sterilized at 15 psi
for 45 nunutes 1o sterilize the contents for
longer storage/to prevent spoilage during
storanc,
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